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(Wirkung) 

Erf indungsgemaS wird Siliciumdioxid-Feinpulver als 
Ausgangsmaterial verwendet. Dieses Feinpulver wird geformt 
und gegebenenfalls zur Einstellung der Schuttdichte 
vorgesintert , wodurch das Entstehen von Rissen beim Sintern 
des erhaltenen Formkorpers verhindert wird. Anschliefiend wird 
der Formkorper beim Sintern derart erw&rmt, dafi er einen 
Temperaturgradienten aufweist, wodurch der Formkorper von 
einem Ende her allmahlich in ein transparentes Glas tiberfuhrt 
wird. Hierdurch wird in einfacher Weise ein gasblasenf reier 
Quarzglaskorper erhalten. Insbesondere beim Sintern groSer 
Formkorper und beim Sintern in einer Gasatmosphare, deren 
L6slichkeit bzw. Dif f usionsgeschwindigkeit bezogen auf den 
Glaskorper klein ist, ist der Effekt der Befreiung von 
Gasblasen beachtlich, weil im FormkSrper enthaltenes 
Atmosph^rengas und Adsorptionsgas entsprechend dem 
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Sinterverlauf durch den ungesinterten Bereich des Formk6rpers 
hindurch leicht zur AuSenseite desselben gelangen. 



Ausfuhrungsbeispiel 1 

Pyrogenes Siliciumdioxid-Feinpulver , hergestellt durch 
Pyrolyse von Siliciumtetrachlorid, wurde als Ausgangspulver 
verwendet. Dieses Silicumdioxid-Feinpulver wurde in einer 
Form mit einem Durchmesser von 120 mm uniaxial preSgeformt 
und danach in einer Gummiform durch isostatisches Kaltpressen 
unter einem Druck von 500 kg/cm 2 in einen zylindrischen 
Pulverf ormkdrper mit einem Gewicht von 400 g, einem 
Durchmesser von 102 mm, einer Hohe von 70 mm und einer 
Schuttdichte von ca. 0.7 g/cm 3 (ca. 32 %) ttberfiihrt. Dieser 
Pulverf ormkSrper wurde in Chloratmosphare bei 900 <t 
entwassert und danach in Heliumatmosphare bei 1050^C 
vorgesintert , wobei ein Vorsinterkorper einer Schtittdichte 
von ca. 1.8 g/cm 3 (ca. 82 %) entstand. Der Vorsinterkorper 
wurde dann derat eine Heizzone eingebracht, in welcher 
Heliumgas die Atmosphare darstellte, die Tempera tur an der 
Niedertemperaturseite 1000^ und an der Hochtemperaturseite 
1480^ lag und der Tempera turgradient en von ca. 40^ /cm betrug, 
daS er in Durchmesserrichtung einen Tempera turgradienten 
aufwies. AnschlieSend wurde der Vorsinterkorper in Richtung 
von der Niedertemperaturseite zur Hochtemperaturseite hin mit 
einer Geschwindigkeit von 0.5 cm/min verschoben und in 
Sinterglas xiberftthrt. Auf diese Weise wurde ein Quarzglas 
erhalten, welches keine Risse sowie keine Gasblasen einer 
GroSe von 10 pm oder mehr aufwies. 
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Vergleichsbeispiel 1 

In gleicher Weise wie im Ausfiihrungsbei spiel 1 wurde ein 
Formkorper hergestellt, in die Ausgleichszone eines Heizofens 
eingebracht und in Heliumgasatmosphare bei 1050^ bis auf 
1480^ mit einer Geschwindigkeit von S^/min erw^rmt . Das so 
erhaltene Glas enthielt Gasblasen einer GroSe von 10 ym oder 
mehr. 
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.'URPOSErTo obtain a quartz glass free from crack and void by forming fine silica powder and heating 
the formed material in such a manner as to maintain a temperature gradient to slowly sinter the 
formed material from one end. 

CONSTITUTION:Fine silica powder produced by sol-gel process, thermal hydrolysis, etc., is formed by 
uniaxial compression molding, isostatic cold-press, wet- forming process, etc., to obtain a formed 
material. The formed material is heated to a temperature higher than the vitrification temperature in 
an atmosphere selected from He, H2, N2, 02, CI2, Ar, SiF4 and NH3 at a heating rate of 1 -80 deg.C/ 
min while keeping a temperature gradient of 5-1 50 deg.C/cm to slowly sinter the formed material 
from one end. 
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(57)[Claim(s)] 
[Claim 1] 

manufacturing method© of quartz glass where it designates 
silica fine powder as starting material, the molding does that, 
in order furthermore for bulk density 40 - 95% of the glass 
article density to become, it sinters preparatory, next as had 
temperature gradient of 5 - 150 deg C/cm, it heats said 
molded article, temperature rise does, sinters gradually from 
the one end of molded article and transparent vitrification 
does and makes feature 

[Claim 2] 

methodo which is a one kind or more where sintering 
atmosphere is chosen from He. H 2 * N 2 . 0 2 . Cl 2 . Ar % SiF 4% 
NH 3 in manufacturing method of quartz glass which is stated 
in Claim 1 

[Claim 3] 

methodo where molding is dry type compression molding 
method or wet type molding method in manufacturing method 
of quartz glass which is stated in Claim 1 or Claim 2 

[Claim 4] 

methodo where dry type compression molding method is 
single shaft compression molding method and/or cold 
isotropic pressure press method in manufacturing method of 
quartz glass which is stated in Claims 3rd section 

[Claim 5] 

wet type molding method suspension doing silica fine powder 
starting material in water or organic solvent in manufacturing 
method of quartz glass which is stated in Claims 3rd section^ 
themethod of removing water or organic solvent by filtering 
suspension andprecipitation molding doing silica fine powder. 
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Specification 
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XlifiMKa«a>ai*#X*a #H 

l*»»<D^aWfc5£*f5Xtf»S*i*;:i: 
*l*fifcffiU *l*-Ctt«a!(*S 5-150 deg C/cm 



Or, above-mentioned suspension methodo which is a method 
which the evaporation removal does casting water or organic 
solvent in container and molding itdoes 



[Description of the Invention] 

[Industrial Area of Application ] this invention is something 
regarding manufacturing method of transparent quartz glass 
of non gas bubble. 

[prior technology and Problems That Invention Seeks to 
Solve 1 

Powder porous article is sintered and tetrachlorosilane hot 
hydrolysis is done as as the method which transparent 
vitrification is done, it settles, accumulates silica fine particle 
whichis formed, high heat treats this and there is a soot 
method which the transparent vitrification is done. 

This method is easy to obtain glass article of non gas bubble 
with the high purity, but there is a constraint in glass shape 
which is produced, inaddition, when addition and for example 
germanium etc of other element are added, itadds to uniform 
it is difficult 

On one hand, silica powder molding is done in manufacturing 
method of the quartz glass which uses silica powder for 
starting material, this molded article is putinside furnace and 
method which vitrification is done is informed the high 
temperature by sintering. 

But, this method is easy to remain gas bubble, especially, 
molded article size islarge, solubility for glass article is small, 
when or it is sintering in atmosphere which includes gas 
where diffusion rate is slow, it makes glass which does not 
have gas bubble it is difficult , thenon bubbling has become 
problem. 

[means in order to solve problem ] 

You consider to above-mentioned problem and result of 
diligent research, asfor these inventors transparent quartz 
glass which does not have gas bubble is acquired to see, it 
started coming out, in this invention arrived. 

It is a manufacturing method of quartz glass where namely, 
this invention designates silica fine powder as the starting 
material, molding does that, next as had temperature gradient 
of 5 - 150 deg C/cm,heats said molded article, temperature 
rise does, sinters gradually from one end of molded article 
and transparent vitrification does and makes feature. 

this invention is explained below in detail 

silica fine powder of starting material is not something which 
is limited. It uses silica fine powder ^ tetrachlorosilane which 
is produced with sol-gel method which uses the for example 
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silicon alkoxide etc for starting material for starting material 
and it can illustrate fumed silica fines which are produced 
with hot hydrolysis . 

In addition, silica fine powder which adds germanium* 
boron or other other element can be used. 

When high purity or high optical transmittance is required in 
transparent quartz glass which is produced, silica fine powder 
of high purity is used, it is desirable . 

For forming and maintenance shape of molded article which 
is guaranteedand desire of filling behavior of particle which is 
necessary for sintered glass conversion it does, molding of 
silica fine powder, but method especiallyis not limited. 

It does with for example dry type compression molding 
method or wet type molding method . 

It pressurizes dry type compression molding method, in 
uniaxial direction making use of mold and etcit inserts single 
screw compression molding method and/or powder which 
powder molding is done in rubber type etc and cold isotropic 
pressure press etc which press molding isdone is listed by 
isostatic pressure . 

Method wet type molding method designating silica fine 
powder as starting material and thesuspension doing this in 
water or organic solvent, removing water or organic solvent 
by filteringthis suspension, settles, accumulating silica fine 
powder and making molded article. Or method which 
casting* water or organic solvent evaporation removal is 
done in desired container and the molding does 
above-mentioned suspension can be used. 

When bulk density of molded article which is acquired with 
above-mentioned method is small, because contraction when 
sintering is easy to cause crack largely, in order bulk density 
preferably 40-95%* of density of the quartz glass 
furthermore to become preferably* 50-90%, it is possible to 
adjust the bulk density with preparatory sintering etc 
beforehand. 

In addition, when bulk density is small, you sinter and when 
transparent vitrification doing, you prevent occurrence of 
crack by fact that the heating rate is made small, it is 
possible . 

In addition, when starting powder includes carbon mainly, for 
carbon removal when concentration of low OH group is 
required in thermal processing* of oxygen atmosphere and 
glass article which is produced, such as it treats chlorine gas 
or other atmosphere,pretreatment which responds necessary is 
done in fine powder molded article, it ispossible . 

molded article which is acquired with method above, as had 
temperature gradient, itheats, temperature rise does, sinters 
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gradually from one end of molded article. 

Sintering atmosphere is in atmosphere of gas of one kind or 
more which ischosen from midst of He,H 2 ,N2,02,Cl 2 ,Ar,SiF4, 
and NH 3 , according to the characteristic of quartz glass which 
is produced, it is desirable . 

As molded article has temperature gradient of 5 - 150 deg 
C/cm, while to heat, method which temperature rise is done 
locking heated zone which has temperature gradient and from 
low temperature side moving molded article to high 
temperature side it does with method whichyou sinter it is 
possible . 

In addition, while locking molded article and moving heated 
zone which has temperature gradient, method of sintering. 
While moving both of heated zone which has molded article 
and temperature gradient themethod of sintering. While and, 
locking molded article in heated zone which has temperature 
gradient andmaintaining temperature gradient in each case of 
method which temperature rise isdone similar effect is shown. 

temperature gradient with horizontal direction and is good 
with perpendicular direction vis-a-vis the molded article. 

As for temperature gradient of above-mentioned heated zone, 
when it is too small, because molded article entirety contracts 
sinters you cannot obtain sufficient degassing effect and gas 
bubble is likely, to remain in addition, when it is too large, 
inorder to cause crack which is thought for sake ofdifference 
of extent of contraction is too large preferably 5—150 deg 
C/cm, furthermore makes range of preferably, 10-100 deg 
C/cm. 

As for temperature range and heating rate of heating and 
temperature rise, temperature* contraction rate and sintered 
glass conversion temperature which molded article contracts, 
property* molding method of silica fine powder of starting 
material. Case of shape* sintering of molded article because 
it differs in the kind of atmosphere gas, especially it cannot 
limit. As for temperature range, low temperature side below 
shrink temperature of molded article, high temperature side 
sets to vitrification temperature or higher of sintering to be 
desirable, heating rate is 1- 80 deg Cper minute, it is 
desirable . 

In addition, after ending vitrification, it is possible to do 
thermal processing ata higher temperature, sintering behavior 
of glass is raised with that it ispossible . 

transparent quartz glass of non gas bubble can be acquired 
like above. 

[Action] 

Regarding io this invention, this molding it makes starting 
material making useof silica fine powder, molded article has 
temperature gradient according to need case of sinteringfor 
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adjusting bulk density which designates prevention of crack 
as objective preparatory you sinter etc, as in process which 
next, this molded article sintering transparent vitrification 
does molded article which is acquired, you heat,temperature 
rise do, quartz glass article of non gas bubble is acquired 
easily by transparent vitrification doinggradually from one 
end of molded article. 

Especially, solubility for sintering and glass article of molded 
article of the large scale shape is small, or, in atmosphere 
which includes gas where the diffusion rate is slow effect of 
non bubbling is considerable at time ofsintering. 

This atmosphere gas and adsorbed gas which are included in 
molded article internal to escapeto outside of molded article is 
thought for sake of it is likely with advance of sintering 
through molded article not yet sintering portion. 

[Working Example ] 

You explain in detail this invention, with Working Example 
below. 

But, this invention is not something where are limited in only 
these Working Example. 

(Working Example 1 ) 

In starting powder, making use of fumed silica fines which 
are produced with hot hydrolysis making use of 
tetrachlorosilane, this silica fine powder single screw press 
molding after doing, you inserted in rubber type making use of 
mold of diameter 120 mm and molding you did with pressure 
of 500 Kg/cm 2 with cold isotropic pressure press , acquired 
powder molded article of cylinder* bulk density 
approximately 0.7 g/cm 3 (Approximately 32%) of weight 
400g, diameter 102 mm, height 70 mm. 

This powder molded article with chlorine atmosphere* 
temperature 900 deg C dehydration after doing, when 
preparatory you sinter with 1050 deg C* helium atmosphere, 
preparatory sinter of bulk density approximately 1.8 g/cm 3 
(Approximately 82%) acquired. 

atmosphere being helium gas , as temperature gradient 
approximately 40 deg C/cnu low temperature side 1000 deg 
C* high temperature side in heated zone of 1480 deg C have 
temperature gradient in radial direction, youinserted this 
preparatory sinter, from low temperature side moved to high 
temperature side with velocity of 0.5 cm/min and to sintered 
glass converted. 

As a result quartz glass which is not crack, does not have gas 
bubble of 10;mu m or greater acquired. 

(Comparative Example 1 ) 

It produced molded article in same way as Working Example 
1, put this molded article insoaking zone of furnace, in helium 
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gas atmosphere, from 1050 deg C to 1480 deg C sintered with 
heating rate 5 deg Cper minute. 

As a result, as for glass which is acquired those which include 
gas bubble of 10;mu m or greater. 

(Working Example 2 ) 

Making use of 10% germanium addition silica fine powder 
which in starting powder was madewith sol-gel method , this 
fine powder single screw press molding after doing, you 
inserted in rubber type making use of mold of diameter 40 
mm, molding you didwith pressure of 1000 Kg/cm 2 with cold 
isotropic pressure press , weight 30g, diameter 36 mm, height 
26 mm, bulk density acquired cylindrical powder molded 
article of approximately 0.88 g/cm 3 (Approximately 32%). 

It treats this powder molded article with oxygen atmosphere * 
temperature 700 deg C and after removing theremains carbon, 
dehydration it does with temperature 900 deg chlorine 
atmosphere, next, with temperature 900 deg C oxygen 
concentration 1 hour preparatory sinters with atmosphere of 
40% oxygen^ helium mixed gas, approximately70% does 
density, way continuously temperature gradient 
approximately 25 deg C/cnu low temperature side 900 deg 
C % high temperature side in heated zone of 1500 deg C have 
temperature gradient in radial direction,inserting, From low 
temperature side moving to high temperature side with 
velocity of 1 cm/min, to sintered glass it converted. 

As a result germanium addition quartz glass which is not 
crack, does nothave gas bubble of 10;mu m or greater 
acquired. 

(Comparative Example 2 ) 

Powder molded article was produced in same way as Working 
Example 2, this wasput in soaking zone of furnace, oxygen 
concentration in atmosphere of 40%oxygen % helium mixed 
gas, from 900 deg C to 1500 deg C sintered with heating rate 
4 deg Cper minute. 

As a result, molded article could foam and could not acquire 
transparent glass article. 

(Working Example 3 ) 

Mixing this fine powder to water making use of silica fine 
powder which in the starting powder was made with sol-gel 
method , suspension doing, filtering this suspension it 
removed excess water and after settling and accumulating 
silica fine powder, it dried acquired powder molded article of 
diameter 50 mm, length 1 10 mm, bulk density 0.55 g/cm 3 
(Approximately 25%). 

This powder molded article, preparatory was sintered with 
1050 deg Coxy gen atmosphere and the density approximately 
83% after doing, atmosphere was helium gas , as the 
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temperature gradient approximately 40 deg C/cnu low 
temperature side 1000 deg C* high temperature side in 
heated zone of 1400 deg C have temperature gradient in 
height direction, you inserted, from low temperature side 
movedto high temperature side with velocity of 1 cm/min and 
to sintered glass converted. 

As a result cylindrical quartz glass which is not crack, does 
not have gas bubble of 10;mu m or greater acquired. 

[Effect of Invention ] 

As been clear from explanation above, according to this 
invention, the silica fine powder is used for starting material, 
this fine powder molding is done with the dry type 
compression molding methods or wet type molding method , 
according to need case of sintering afterdoing preparatory 
sintering etc which designates adjustment of bulk density in 
order for occurrence of crack to be prevented as objective, As 
fine powder molded article in in atmosphere of mixed gas of 
one kind or more which is chosenfrom midst of 
He ,H 2 ,N 29 02,Cl2»Ar,SiF4,NH3 is produced according to 
characteristic of the quartz glass which, in process which this 
fine powder molded article to sintered glass is convertecUias 
temperature gradient, it heats, temperature rise does, there is 
not a crack by sintering gradually from one end of molded 
article, can produce to the transparent quartz glass of non gas 
bubble. 

Especially, molded article, of large scale shape and 
solubility for glass article aresmall, or, it is in atmosphere 
which includes gas where diffusion rate is slow a effective 
manufacturing method at time of sintered glass converting. 
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